Current design practices for base-isolated structures in Japan typically involve conducting time-history analysis using a single seismic component. However -in reality -the isolation system has a bidirectional response which means that the damage of seismic isolation devices may be underestimated during design procedure. This is particularly true for the object of the present study -U-shaped steel dampers -, which were proved to have a reduced ultimate deformation capacity under bidirectional loading. The present study conducts a quantitative comparison between the results obtained using: (1) a 1D model (SDOF system with single component of the ground motion), and (2) a 2D model (MSS with 2DOFs and both components of the ground motion). Different seismic design levels were investigated and several formulae for predicting the bidirectional damage using indicators based on one-directional analysis were proposed. 400 y,e (mm)
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( 2 Current design practices for base-isolated (BI) structures in Japan typically involve conducting time-history analysis using a single horizontal seismic component of the ground motion. This impacts the estimation of the displacement response of the isolation system, which in reality is bidirectional. The present paper focuses on the damage evaluation methods for U-shaped steel dampers, widely used in Japan as seismic isolation devices. Previous studies found that the ultimate inelastic capacity of U-shaped steel dampers under bidirectional loading is reduced as a result of the torsional deformations induced by the relative displacement between the upper-structure and the foundation. The main objective of the present study is to assess whether the results provided by the typical design practices are situated in the unsafe range when compared to those provided by the bidirectional approach. Furthermore, the effect of seismic intensity is also investigated by considering different seismic levels targeted in design (PGV equals 0.25(m/s), 0.50(m/s), 0.75(m/s) and 1.00(m/s)).
A quantitative comparison between the damage indices obtained using: (1) a one-directional (1D) model (SDOF system with single seismic component), and (2) a bidirectional (2D) model (MSS with 2DOFs and both seismic components) is conducted. The adopted analytical models were validated against previous results obtained for one-directional, respectively bidirectional cyclic loading tests. The accuracy of the model was verified by computing the correlation coefficient between the restoring force obtained during the loading tests and that obtained by conducting quasi-static analysis. In addition, the values of the maximum displacement of the isolation layer were also compared. Moreover, to compare the remaining inelastic deformation capacity which has different criteria for defining fracture for 1D and 2D approaches, the damage ratio DR was defined as the ratio between the bidirectional cumulative damage index D2 and the damage index at intersection with D2 -Jf interaction curve considering a straight line passing through the origin.
The main conclusions show that: (1) the maximum displacement of the isolation layer obtained by employing the 2D model is about 10% greater than that for the 1D model; (2) for seismic level L2 (PGV = 0.50(m/s)) or lower, the ratio between DR and one-directional damage index D was found to be within acceptable range (< 2.0), and combined with the fact that the damage is small, it can be concluded that 1D model can be safely used in this case; (3) several formulae for predicting the bidirectional damage using indicators based on one-directional analysis were proposed. However, for extremely large events, the analytical data showed that the 1D model provides unconservative estimation of the damage, therefore the authors strongly suggest that for such cases the bidirectional effect on the damage of the dampers should be considered. 
